PATTERN FORMING MATERIAL AND 
PATTERN FORMING METHOD 



BACKGROUND OF THE INVENTION 

The present invention relates to a fine-line pattern 
forming method for use in a manufacturing process for a 
semiconductor IC device and the like, and a material for 
forming a pattern used in the pattern forming method. 

in the manufacture of IC. LSIs and the like, a pattern is 
conventionally formed through photolithography using UV, in 
which a light source with a shorter wavelength has become 
mainly used in accordance with refinement of a semiconductor 
device. Recently, a surface imaging process using dry 
development has been developed in order to increase the depth 
of focus and improve practical resolution in using a light 
source with a shorter wavelength. 

As an example of the surface imaging process, U.S. Patent 
Ho 5 278,029 discloses a method in which, after selectively 
forcing a polysiloxane film on the surface of a resist film of 
. resist material which can generate an acid through exposure, 
the resist film is dry etched by using the polysiloxane film as 
a mask, so as to form a resist pattern. 

NO w this conventional method of forming the resist 
pattern will be described with reference to Figures 5(a) 
through 5(d). 
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mo thyl ^ethacrylate ( MMA ) is used as the resist material for 

generating an acid through exposure. 

First, as is shown in Figure 5(a), a resist film 401, 

wh«ch generates an acid through , exposure, coated on a 
semiconductor- substrate 400 is irradiated with a KrF excimer 
laser 404 by using a mas* 403, and thus, the acid is generated 
in an exposed area 401a of the resist film 401. Owing to this 
acid, the exposed area 401a is changed to be hydrophilic, so 
that water in air can be easily adsorbed by the exposed area 
401.- AS a result, a thin water absorbing layer 405 is formed 
in the vicinity of the surface of the exposed area 401a as is 

shown in Figure 5(b). 

Next, when an alkoxysilane gas 406 is introduced onto the 
surface of the resist film 401, the acid generated on the 
surface of the exposed area 401a worfcs as a catalyst, so that 
aUcoxysilane is hydrolyzed and dehydrated. As a result, an 
oxide film 407 is formed on the surface of the exposed area 
401a as is shown in Figure 5(c). Subsequently, when the res.st 
film 401 is dry etched by HIE using O, plasma 408 by using the 
OJti de film 407 as a mas,, a fine-line resist pattern 409 is 
formed as is shown in Figure 5(d). 

This pattern forming method thus adopts a negative type 
lithography process for forming a resist pattern in an exposed 
area, in which the acid generated in the exposed area of the 
re sist film is used as the catalyst for selectively forming the 
oxide film in the exposed area and the oxide film is used as a 
m as* in the dry etching for forming the resist pattern. 
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' r The negative type lithography process has the following 
problems in, for example, forming a contact hole for connecting 
multilayered interconnections of an IC: 

First, usage of a mask generally adopted in pattern 
exposure can cause the following problem: In the lithography 
for forming a contact hole, the aperture ratio of the mask is 
very high when the negative lithography process is used. 
Specifically, while a light shielding film against exposing 
light is formed merely in a portion corresponding to the 
contact hole on the mask, the light shielding film is removed 
and quartz of the mask substrate is bare in the other portion 
excluding the contact hole in order to transmit the exposing 
light. Since the area occupied by all the contact holes in the 
entire area of a semiconductor chip is generally very small, 
the proportion of the area occupied by the bare quartz to the 
area of the light shielding film on the mask becomes high, 
namely, the aperture ratio of the mask becomes high. 

When the aperture ratio of the mask is high, the effect of 
ambient dusts is increased. Specifically, dusts adhered to the 
light shielding film on the mask scarcely affect the process, 
but those adhered to the transparent portion of the mask change 
this portion into a light shielding portion. When the exposure 
is effected by using the mask to which dusts are thus adhered, 
a pattern defect is caused in the portion to which the dusts 
are adhered. In this manner, since the aperture ratio of the 
mask is high in the negative type lithography process, the 
process can be easily affected by dusts, resulting in easily 
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decreasing the yield. 

Secondly, in the lithography process for forming a contact 
hole, a half-tone type mask can be used for the purpose of 
increasing the depth of focus. " However, the effect of 
increasing the depth of focus can be attained merely in a 
positive type lithography but cannot be attained in the 
negative type lithography. Accordingly, in the formation of a 
contact hole, the depth of focus is smaller in the negative 
type process than in the positive type process. 

The occurrence of these first and second problems are not 
limited to the formation of a contact hole, but can be caused 
in the cases where a mask having a larger area of the 
transparent portion is used and where the depth of focus is 
desired to be increased. 

SUMMARY OF THE INVENTION 

In view of the aforementioned conventional problems, the 
object of the invention is realizing a positive type surface 
imaging process replaceable with the negative type surface 

imaging process. 

In order to achieve this object, a resist film including 
an acidic or a basic group is selectively irradiated with an 
energy beam in this invention, so that a basic or an acidic 
group having the reverse property to that of the group included 
in the resist film can be generated in an exposed area. 
Alternatively, after generating an acidic or a basic group in 
an exposed area by selectively irradiating a resist film with 
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an- energy beam, the entire surface of the resist film is 
irradiated with another energy beam, so that a basic or an 
acidic group having the reverse property to that of the group 
generated in the exposed area can be generated on the entire 
surface of the resist film. Thus, neutralization is effected 
in the exposed area of the resist film, and in an unexposed 
area of the resist film, the acidic or the basic group works as 
a catalyst for forming an oxide film. in this manner, a 
positive type surface imaging process, which cannot be attained 
by the conventional method, can be realized by this invention. 

The first pattern forming material of this invention 
comprises a copolymer including a first group for generating "a 
base through irradiation with an energy beam and a second group 
having an acidic property* 

When the resist film formed out of the first pattern 
forming material is selectively irradiated with the energy 
beam, the first group is dissolved into the base in the exposed 
area on the resist film, so that the generated base is 
neutralized with the second group having the acidic property, 
while the unexposed area on the resist film remains to be 
acidic. Accordingly, since merely the unexposed area on the 
resist film can selectively retain its acidic property, the 
positive type surface imaging process can be realized. 

The second group in the first pattern forming material is 
preferably a group including a sulfonic acid group. In this 
case, owing to the strong acidic property of sulfonic acid, 
sulfonic acid can exhibit its strong catalytic function in the 



formation of the metal oxide film in the unexposed area on the 
resist film. Therefore, the strong acidic property can be 
selectively retained merely in the unexposed area on the resist 
film. 

The copolymer in the first pattern forming material is 
preferably a binary copolymer represented by the following 
general formula or a ternary or higher copolymer obtained by 
further polymerizing the binary copolymer with another group: 

Chemical Formula 1 : 



,-io 




wherein R t indicates a hydrogen atom or an alkyl group; R 2 
and R 3 independently indicate a hydrogen atom, an alkyl group, 
a phenyl group or an alkenyl group, or together indicate a 
cyclic alkyl group, a cyclic alkenyl group, a cyclic alkyl 
group having a phenyl group or a cyclic alkenyl group having a 
phenyl group; R 4 indicates a hydrogen atom or an alkyl group; 

n 
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'satisfies a relationship of 0 < x < 1; and y satisfies a 
relationship of 0 < y < 1. 

In this case, since sulfonic acid can exhibit its strong 
catalytic function in the formation 'of the metal oxide film in 
the unexposed area on the resist film, the strong acidic 
property can be selectively retained in the unexposed area on 
the resist film. On the other hand, in the exposed area on the 
resist film, since amine having a strong basic property is 
generated, sulfonic acid having a strong acidic property can be 
completely neutralized. Accordingly, the strong acidic 
property can be selectively retained merely in the unexposed 
area on the resist film. 

The second pattern forming material of this invention 
comprises a copolymer including a first group for generating an 
acid through irradiation with an energy beam and a second group 
having a basic property. 

When the resist film formed out of the second pattern 
forming material is selectively irradiated with the energy 
beam, the first group is dissolved into the acid in the exposed 
area on the resist film, so that the generated acid can be 
neutralized with the second group having the basic property, 
while the unexposed area on the resist film remains to be 
basic. Accordingly, merely the unexposed area on the resist 
film can selectively retain the basic property, resulting in 
realizing the positive type surface imaging process. 

The first group in the second pattern forming material is 
preferably a group for generating sulfonic acid. In this case 



owi,ng tp the strong acidic property of sulfonic acid, the 
exposed area on the resist film can be completely neutralized, 
while the unexposed area on the resist film remains to be 
basic. Accordingly, the unexposed area of the resist film can 
selectively retain the basic property. 

The copolymer in the second pattern forming material is 
preferably a binary copolymer represented by the following 
general formula or a ternary or higher copolymer obtained by 
further polymerizing the binary copolymer with another group: 

Chemical Formula 2: 



— 4CH 
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wherein R 5 indicates a hydrogen atom or an alkyl group; R 6 
and R 7 independently indicate a hydrogen atom, an alkyl group, 
a phenyl group or an alkenyl group, or together indicate a 

°\ 
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cyclic ■ alkyl group, a cyclic alkenyl group, a cyclic alkyl 
group having a phenyl group or a cyclic alkenyl group having a 
phenyl group; R e indicates a hydrogen atom or an alkyl group ; 
x satisfies a relationship of 0 < x < l; and y satisfies a 
relationship of 0 < y < l. 

In this case, amine can exhibit its strong catalytic 
function in the formation of the metal oxide film in the 
unexposed area on the resist film, so that the unexposed area 
on the resist film can selectively retain the strong basic 
property. On the other hand, in the exposed area of the resist 
film, since sulfonic acid having a strong acidic property is 
generated, amine having a strong basic property can be 
completely neutralized. Accordingly, merely the unexposed area 
on the resist film can selectively retain the strong basic 
property. 

The third pattern forming material of this invention 
comprises a copolymer including a first group for generating an 
acid through irradiation with a first energy beam having a 
first energy band; and a second group for generating a base 
through irradiation with a second energy beam having a second 
energy band different from the first energy band. ' 

In the resist film formed out of the third pattern forming 
material, the acid is generated through the irradiation with 
the first energy beam, and the base is generated through the 
irradiation with the second energy beam. Accordingly, when the 
pattern exposure of the resist film using the first energy beam 
is effected and then the entire surface exposure using the 
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second 'energy beam is effected, in the exposed area of the 

first energy beam on the resist film, the acid generated 

through the pattern exposure using the first energy beam is 

neutralized with the base generated through the entire surface 

exposure using the second energy beam. On the other hand, the 

unexposed area of the first energy beam on the resist film 

attains a basic property through the entire surface exposure 

using the second energy beam. Contrarily, when the pattern 

exposure of the resist film using the second energy beam is 

effected and then the entire surface exposure using the first 

energy beam is effected, in the exposed area of the second 

energy beam on the resist film, the base generated through the 

pattern exposure using the second energy beam is neutralized 

with the acid generated through the entire surface exposure 

using the first energy beam. On the other hand, the unexposed 

area of the second energy beam on the resist film attains an 

acidic property through the entire surface exposure using the 

first energy beam. Accordingly, the positive type surface 

imaging process can be realized. 

Furthermore, since the third pattern forming material 

comprises the copolymer including the first group for 

generating the acid through the irradiation with the first 

energy beam and the second group for generating the base 

through the irradiation with the second energy beam, the acid 

or the base cannot be generated until the irradiation with the 

energy beam, namely, the resist film remains to be neutral 

until the irradiation with the energy beam. Accordingly, the 

\\ 
10 



pattern' forming material can be prevented from being changed in 
its property by an acid or a base during pre-baking, resulting 
in forming a stable resist film. 

The first group in the third pattern forming material is 
preferably a group for generating sulfonic acid. In this case, 
when the pattern exposure is effected by using the first energy 
beam, owing to the strong acidic property of sulfonic acid, the 
exposed area of the first energy beam on the resist film can be 
completely neutralized, while the unexposed area of the first 
energy beam on the resist film retains the basic property. 
Accordingly, merely the unexposed area of the first energy beam 
on the resist film can selectively retain the basic property. 
Contrarily, when the pattern exposure is effected by using the 
second energy beam, the unexposed area of the second energy 
beam on the resist film can exhibit a strong catalytic function 
in the formation of the oxide film. Accordingly, merely the 
unexposed area of the second energy beam on the resist film can 
selectively retain the strong acidic property. 

The copolymer in the third pattern forming material is 
preferably a binary copolymer represented by the following 
general formula or a ternary or higher copolymer obtained by 
further polymerizing the binary copolymer with another group: 
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Chemical Formula 3 : 
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wherein R, indicates a hydrogen atom or an alkyl group; R~ 10 
and R lx independently indicate a hydrogen atom, an alkyl group, 
a phenyl group or an alkenyl group, or together indicate a 
cyclic alkyl group, a cyclic alkenyl group, a cyclic alkyl 
group having a phenyl group or a cyclic alkenyl group having a 
phenyl group; R l2 indicates a hydrogen atom or an alkyl group; 
R 13 and R 14 independently indicate a hydrogen atom, an alkyl 
group, a phenyl group or an alkenyl group, or together indicate 
a cyclic alkyl group, a cyclic alkenyl group, a cyclic alkyl 
group having a phenyl group or a cyclic alkenyl group having a 
phenyl group; x satisfies a relationship of 0 < x < 1; and y 
satisfies a relationship of 0 < y < 1. 

In this case, sulfonic acid having a strong acidic 
property is generated through the irradiation of the resist 
film with the first energy beam, and amine having a strong 
basic property is generated through the irradiation with the 
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second energy beam. Therefore, when the pattern exposure is 
effected by using the first energy beam, the unexposed area of 
the first energy beam on the resist film retains the strong 
basic property, while the exposed area of the first energy beam 
on the resist film can be completely neutralized. Contrarily, 
when the pattern exposure is effected by using the second 
energy beam, the unexposed area of the second energy beam on 
the resist film retains the strong acidic property, while the 
exposed area of the second energy beam on the resist film can 
be completely neutralized. 

The first pattern forming method of this invention 
comprises a first step of forming a resist film by coating "a 
semiconductor substrate with a pattern forming material 
including a copolymer having .a first group for generating a 
base through irradiation with an energy beam and a second group 
having an acidic property; a second step of selectively 
irradiating the resist film with the energy beam by using a 
mask having a desired pattern, generating the base in an 
exposed area on the resist: film and neutralizing the generated 
base with the second group; a third step of supplying metal 
alkoxide onto the resist film and forming a metal oxide film on 
a surface of an unexposed area on the resist film; and a fourth 
step of forming a resist pattern by dry-etching the resist film 
by using the metal oxide film as a mask. 

According to the first pattern forming method, through the 
irradiation of the resist film with the energy beam, the 
generated base is neutralized with the second group having the 
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acidic property in the exposed area on the resist film, while 
the unexposed area on the resist film remains to be acidic. 
When the metal alkoxide is supplied ' to the resist film, the 
metal oxide film cannot be formed in the exposed area because 
the exposed area on the resist film has been neutralized, but 
the metal oxide film is selectively formed in the unexposed 
area on the resist film. Accordingly, through the dry etching 
of the resist film using the metal oxide film as a mask, it is 
possible to form a fine-line positive type resist pattern 
having a satisfactory shape. 

Furthermore, according to the first pattern forming 
method, the acid works as the catalyst in the formation of the 
metal oxide film in the unexposed area on the resist film, and 
hence, the resultant metal oxide film can attain a high density 
and sufficient strength. 

In the first pattern forming method, the third step 
preferably includes a step of allowing the unexposed area on 
the resist film to adsorb water. In this case, since water can 
be diffused into a deep portion from the surface of the 
unexposed area on the resist film, the metal oxide film formed 
on the surface of the unexposed area on the resist film can 
attain a large thickness. 

In the first pattern forming method, the second group is 
preferably a group including a sulfonic acid group. In this 
case, owing to the strong acidic property of sulfonic acid, it 
is possible to form the metal oxide film having a sufficient 
density in the unexposed area on the resist film by using the 

14 



strong catalytic function of sulfonic acid. As a result, the 
selectivity in the dry etching can be improved. Thus, it is 
possible to form a more fine-line positive type resist pattern 
having a satisfactory shape. 

The copolymer used in the first pattern forming method is 
preferably a binary copolymer represented by the following 
general formula or a ternary or higher copolymer obtained by 
further polymerizing the binary copolymer with another group: 

Chemical Formula 4: 
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wherein R t indicates a hydrogen atom or an alkyl group; R 2 
and R 3 independently indicate a hydrogen atom, an alkyl group, 
a phenyl group or an alkenyl group, or together indicate a 
cyclic alkyl group, a cyclic alkenyl group, a cyclic alkyl 
group having a phenyl group or a cyclic alkenyl group having a 
phenyl group; R 4 indicates a hydrogen atom or an alkyl group; 
x satisfies a relationship of 0 < x < 1; and y satisfies a 
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relationship of 0 < y < 1. 

In this case, since sulfonic acid can exhibit its strong 
catalytic function in the formation of the metal oxide film in 
the unexposed area on the resist film, the unexposed area on 
the resist film can selectively retain the strong acidic 
property. Therefore, the metal oxide film having a sufficient 
density can be formed by supplying the metal alkoxide. 
Furthermore, in the exposed area on the resist film, since 
amine having a strong basic property is generated, sulfonic 
acid having a strong acidic property can be completely 
neutralized. Therefore, the metal oxide film cannot be formed 
in the exposed area. In this manner, the selectivity in the 
dry etching is high, and hence, it is possible to form a more 
fine-line positive type resist pattern having a satisfactory 
shape . 

The second pattern forming method of this invention 
comprises a first step of forming a resist film by coating a 
semiconductor substrate with a pattern forming material 
including a copolymer having a first group for generating an 
acid through irradiation with an energy beam and a second group 
having a basic property; a second step of selectively 
irradiating the resist film with the energy beam by using a 
mask having a desired pattern, generating the acid in an 
exposed area on the resist film and neutralizing the generated 
acid with the second group; a third step of supplying metal 
alkoxide onto the resist film and forming a metal oxide film on 
a surface of an unexposed area on the resist film; and a fourth 

n 
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s'tep of forming a resist pattern by dry-etching the resist film 
by using the metal oxide film as a mask. 

According to the second pattern forming method, through 
the irradiation of the resist film with the energy beam, the 
generated acid is neutralized with the second group having the 
basic property in the exposed area on the resist film, while 
the unexposed area on the resist film remains to be basic. 
When the metal alkoxide is supplied to the resist film, the 
metal oxide film cannot be formed in the exposed area because 
the exposed area on the resist film has been neutralized, but 
the metal oxide film is selectively formed in the unexposed 
area on the resist film. Accordingly, through the dry etching 
of the resist film using the metal oxide film as a mask, it is 
possible to form a fine-line positive type resist pattern 
having a satisfactory shape. 

Furthermore, according to the second pattern forming 
method, the base works as a catalyst in the formation of the 
metal oxide film in the unexposed area on the resist film. 
Therefore, the speed for forming the metal oxide film can be 
improved, resulting in improving throughput. 

In the second pattern forming method, the third step 
preferably includes a step of allowing the unexposed area on 
the resist film to adsorb water. in this case, since water is 
diffused into a deep portion from the surface of the unexposed 
area on the resist film, the metal oxide film formed in the 
unexposed area on the resist film can attain a large thickness. 
In the second pattern forming method, the first group is 
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preferably a group for generating sulfonic acid. In this case, 
owing to the strong acidic property of sulfonic acid, the 
exposed area on the resist film can be completely neutralized, 
while the unexposed area on the resist film retains the basic 
property. Therefore, the metal oxide film can be formed merely 
in the unexposed area on the resist film with high selectivity. 
Accordingly, it is possible to form a more fine-line positive 
resist pattern having a satisfactory shape. 

The copolymer used in the second pattern forming method is 
preferably a binary copolymer represented by the following 
general formula or a ternary or higher copolymer obtained by 
further polymerizing the binary copolymer with another group: 

Chemical Formula 5: 
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■ ' wherein R 5 indicates a hydrogen atom or an alkyl group; R 6 
and R 7 independently indicate a hydrogen atom, an alkyl group, 
a phenyl group or an alkenyl group, or together indicate a 
cyclic alkyl group, a cyclic alkenyl group, a cyclic alkyl 
group having a phenyl group or a cyclic alkenyl group having a 
phenyl group; R a indicates a hydrogen atom or an alkyl group; 
x satisfies a relationship of 0 < x < 1; and y satisfies a 
relationship of 0 < y < 1. 

In this case, in the unexposed area on the resist film, 
amine exhibits its strong catalytic function, and hence, the 
metal oxide film with a sufficient density can be formed. On 
the other hand, in the exposed area on the resist film, since 
sulfonic acid having a strong acidic property is generated, 
amine having a strong basic property can be completely 
neutralized. As a result, the selectivity in the dry etching 
is very high, and it is possible to "form a more fine-line 
positive resist pattern having a satisfactory shape. 

The third pattern forming method of this invention 
comprises a first step of forming a resist film by coating a 
semiconductor substrate with a pattern forming material 
including a copolymer having a first group for generating an 
acid through irradiation with a first energy beam having a 
first energy band and a second group for generating a base 
through irradiation with a second energy beam having a second 
energy band different from the first energy band; a second step 
of selectively irradiating the resist film with the first 

energy beam by using a mask having a desired pattern, and 
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generating the acid in an exposed area of the first energy beam 
on the resist film; a third step of irradiating an entire 
surface of the resist film with the second energy beam, 
generating the base on the entire surface of the resist film, 
and neutralizing the generated base with the acid generated in 
the exposed area of the first energy beam on the resist film; 
a fourth step of supplying metal alkoxide onto the resist film 
and forming a metal oxide film on a surface of an unexposed 
area of the first energy beam on the resist film; and a fifth 
step of forming a resist pattern by dry-etching the resist film 
by using the metal oxide film as a mask. 

According to the third pattern forming method, in the 
exposed area of the first energy beam on the resist film, since 
the acid generated through the pattern exposure using the first 
energy beam is neutralized with the base generated through the 
entire surface exposure using the second energy beam, the metal 
oxide film cannot be formed in the exposed area. On the other 
hand, in the unexposed area of the first energy beam on the 
resist film, since the base is generated through the entire 
surface exposure using the second energy beam, the metal oxide 
film can be formed owing to the catalytic function of the base 
by supplying the metal alkoxide to the resist film. 
Accordingly, through the dry etching of the resist film using 
the metal oxide film as a mask, a positive type resist pattern 
can be formed. 

Furthermore, according to the third pattern forming 
method, since the base works as the catalyst in the formation 
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of the metal oxide film in the unexposed area of the first 
energy beam on the resist film, the speed for forming the metal 
oxide film can be improved, resulting in improving the 
throughput . 

In the third pattern forming method, the first group is 
preferably a group for generating sulfonic acid. In this case, 
owing to the strong acidic property of sulfonic acid, the 
exposed area of the first energy beam on the resist film can be 
completely neutralized, while the unexposed area of the first 
energy beam on the resist film retains the basic property. 
Accordingly, the metal oxide film can be formed merely in the 
unexposed area of the first energy beam on the resist film with 
very high selectivity. As a result, it is possible to form a 
more fine- line positive type resist pattern having a 
satisfactory shape. 

The fourth pattern forming method of this invention 
comprises a first step of forming a resist film by coating a 
semiconductor substrate with a pattern forming material 
including a copolymer having a first group for generating a 
base through irradiation with a first energy beam having a 
first energy band and a second group for generating an acid 
through irradiation with a second energy beam having a second 
energy band different from the first energy band; a second step 
of selectively irradiating the resist film with the first 
energy beam by using a mask having a desired pattern, and 
generating the base in an exposed area of the first energy beam 
on the resist film; a third step of irradiating an entire 
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surface of the resist film with the second energy beam, 
generating the acid on the entire surface of the resist film, 
and neutralizing the generated acid with the base generated in 
the exposed area of the first energy beam on the resist film; 
a fourth step of supplying metal alkoxide onto the resist film 
and forming a metal oxide film on a surface of an unexposed 
area of the first energy beam on the resist film; and a fifth 
step of forming a resist pattern by dry-etching the resist film 
by using the metal oxide film as a mask. 

According to the fourth pattern forming method, in the 
exposed area of the first energy beam on the resist film, since 
the base generated through the pattern exposure using the f irst 
energy beam is neutralized with the acid generated through the 
entire surface exposure using the second energy beam, the metal 
oxide film cannot be formed in the exposed area. On the other 
hand, in the unexposed area of the first energy beam on the 
resist film, since the acid is generated through the entire 
surface exposure using the second energy beam, the metal oxide 
film can be formed owing to the catalytic function of the acid 
by supplying the metal alkoxide. Accordingly, through the dry 
etching of the resist film using the metal oxide film as a 
mask, a positive type resist pattern can be formed. 

Furthermore, according to the fourth pattern forming 
method, since the metal oxide film can be formed owing to the 
catalytic function of the acid in the unexposed area of the 
first energy beam on the resist film, the resultant metal 
oxide film can attain a high density and sufficient strength. 
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In the fourth pattern forming method, the second group is 
preferably a group for generating sulfonic acid. In this case, 
since sulfonic acid is a strong acid, it is possible to form a 
metal oxide film having a sufficient density in the unexposed 
area of the first energy beam on the resist film owing to the 
strong catalytic function of sulfonic acid. As a result, the 
selectivity in the dry etching is high, and it is possible to 
form a more fine-line positive type resist pattern having a 
satisfactory shape. 

In the third or fourth pattern forming method, the fourth 
step preferably includes a step of allowing the unexposed area 
on the resist film to adsorb water. In this case, since water- 
is diffused into a deep portion from the surface of the 
unexposed area of the first energy beam on the resist film, the 
metal oxide film formed in the unexposed area can attain a 
large thickness. 

The copolymer used in the third or fourth pattern forming 
method is preferably a binary copolymer represented by the 
following general formula or a ternary or higher copolymer 
obtained by further polymerizing the binary copolymer with 
another group: 
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Chemical Formula 6 : 
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wherein R, indicates a hydrogen atom or an alkyl group; R 10 
and R tl independently indicate a hydrogen atom, an alkyl group, 
a phenyl group or an alkenyl group, or together indicate a 
5 cyclic alkyl group, a cyclic alkenyl group, a cyclic alkyl 
group having a phenyl group or a cyclic alkenyl group having a 
phenyl group; R 12 indicates a hydrogen atom or an alkyl group; 
R 13 and R 14 independently indicate a hydrogen atom, an alkyl 
group, a phenyl group or an alkenyl group, or together indicate 
10 a cyclic alkyl group, a cyclic alkenyl group, a cyclic alkyl 
group having a phenyl group or a cyclic alkenyl group having a 
phenyl group; x satisfies a relationship of 0 < x < 1; and y 
satisfies a relationship of 0 < y < 1. 

as 
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When the copolymer represented by Chemical Formula 6 is 
used in the third pattern forming method, since sulfonic acid 
generated through the pattern exposure using the first energy 
beam is neutralized with amine generated through the entire 
surface exposure using the second energy beam, the metal oxide 
film cannot be formed in the exposed area of the first energy 
beam on the resist film. On the other hand, in the unexposed 
area of the first energy beam on the resist film, since amine 
having a strong basic property is generated through the entire 
surface exposure using the second energy beam, the metal oxide 
film with a sufficient density can be formed by supplying the 
metal alkoxide to the resist film. Accordingly, the 
selectivity in the dry etching is very high, and it is possible 
to form a more fine-line positive resist pattern having a 
satisfactory shape. 

When the copolymer represented by Chemical Formula 6 is 
used in the fourth pattern forming method, since amine 
generated through the pattern exposure using the first energy 
beam is neutralized with sulfonic acid generated through the 
entire surface exposure using the second energy beam, the metal 
oxide film cannot be formed in the exposed area of the first 
energy beam on the resist film. On the other hand, in the 
unexposed area of the first energy beam on the resist film, 
since sulfonic acid having a strong acidic property is 
generated through the entire surface exposure using the second 
energy beam, the metal oxide film with a sufficient density can 
be formed by supplying the metal alkoxide. Accordingly, the 
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selectivity in the dry etching is very high, and it is possible 
to form a more fine-line positive type resist pattern having a 
satisfactory shape. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1(a) through 1(d) are sectional views for showing 
procedures of a pattern forming method according to a first 
embodiment of the invention; 

Figures 2(a) through 2(d) are sectional views for showing 
procedures of a pattern forming method according to a second 
embodiment of the invention; 

Figures 3(a) through 3(c) are sectional views for showing 
procedures of a pattern forming method according to a third 
embodiment of the invention; 

Figures 4(a) and 4(b) are sectional views for showing 
other procedures of the pattern forming method of the third 
embodiment ; and 

Figures 5(a) through 5(d) are sectional views for showing 
procedures of a conventional pattern forming method. 

DETAILED DESCRIPTION OF THE INVENTION 
( Embodiment 1 ) 

Figures 1(a) through 1(d) are sectional views for showing 
procedures of a pattern forming method of a first embodiment. 

As a resist material, a copolymer represented by Chemical 
Formula 7 dissolved in diglyme is used. 
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First, as is shown in Figure 1(a), the resist material is 
spin-coated on a semiconductor substrate 100 of silicon, and 
the resultant semiconductor substrate is annealed at a 
temperature of 90 °C for 90 seconds, thereby forming a resist 
film 101 with a thickness of 1 urn* At this point, no peeling 
is observed, and the resist film 101 has satisfactory adhesion. 
Then, by using a mask 103, the substrate is irradiated with a 
KrF excimer laser 104, i.e., an energy beam, thereby 
transferring a pattern of the mask 103 onto the resist film 
101. In this manner, O-acryloyl-acetophenone-oxime (AAPO) is 
dissolved to generate amine on the surface of an exposed area 
101a of the resist film 101. A reaction caused through the 
exposure of the resist material is shown as Chemical Formula 8. 
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Chemical Formula 8: 
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An unexposed area 101b of the resist film 101 has a strong 
acidic property owing to the function of a sulfonic acid group 
in Chemical Formula 7. On the other hand, in the exposed area 
101a of the resist film 101, AAPO in Chemical Formula 7 is 
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dissolved into amine having a basic property, and the amine 
neutralizes the acidic property resulting from the function of 
the sulfonic acid group. At this point, since the unexposed 
area 101b has the strong acidic property, water is more easily 
adsorbed in the unexposed area 101b than in the exposed area 
101a which has been neutralized. In other words, since the 
unexposed area 101b includes the group having the strong acidic 
property, a hydrogen bond with water is strengthened in the 
unexposed area 101b, and hence water can be easily adsorbed. 
In contrast, in the exposed area 101a, a hydrogen bond with 
water is weakened by the neutralization, and water cannot be 
easily adsorbed. 

Next, as is shown in Figure 1(b), the semiconductor 
substrate 100 is allowed to stand in air with a relative 
humidity of 95% at a temperature of 30 "C for 30 minutes, 
thereby supplying water vapor 105 onto the surface of the 
resist film 101- In this manner, the water vapor 105 is 
adsorbed by the surface of the unexposed area 101b, which can 
easily adsorb water, and the adsorbed water is diffused into a 
deep portion, for example, at a depth of 100 nm from the 
surface of the unexposed area 101b. Since the exposed area 
101a has been neutralized, water is difficult to be adsorbed. 
Thus, a water adsorbing layer 106 is selectively formed in the 
unexposed area 101b. 

Then, as is shown in Figure 1(c), while retaining the 

semiconductor substrate 100 in the air with the relative 

humidity of 95% at a temperature of 30 °C, vapor 107 of 
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methyltriethoxysilane (MTEOS), i.e., metal alkoxide, is sprayed 
onto the surface of the resist film 101 for 3 minutes, thereby 
selectively forming an oxide film 108 on the surface of the 
unexposed area 101b of the resist film 101. In this case, an 
acid (H*) derived from sulfonic acid works as a catalyst in 
hydrolysis and dehydration of MTEOS , so that the oxide film 108 
can be formed. Therefore, the oxide film 108 is formed merely 
a portion where both H* serving as the catalyst and water are 
present . 

According to the first embodiment, the oxide film is not 
formed in the exposed area 101a of the resist film 101 because 
sulfonic acid is neutralized by the generated amine and loses 
its function as the catalyst and water cannot be easily 
adsorbed in the exposed area 101a. On the other hand, the 
oxide film 108 is formed in the unexposed area 101b of the 
resist film 101 because H* serving as the catalyst is present 
and a sufficient amount of water has been adsorbed in the 
unexposed area 101b. 

Next, as is shown in Figure 1(d), by using the oxide film 
108 as a mask, the semiconductor substrate 100 is subjected to 
RIE (reactive ion etching) using 0 2 plasma 109, thereby forming 
a resist pattern 110. In this case, the RIE using 0 2 plasma is 
effected by using a parallel plate reactive ion etching system 
under conditions of a power of 900 W, a pressure of 0.7 Pa and 
a flow rate of 40 SCCM. 

In this embodiment, since the oxide film 108 is 

selectively formed in the unexposed area 101b alone and the 
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etching is effected by using the oxide film 108, the positive 
type resist pattern 110 having a vertical section can be formed 
in the unexposed area 101b. 

Furthermore, since the water vapor 105 is supplied to the 
resist film 101 in the procedure shown in Figure 1(b), water is 
diffused into the deep portion from the surface of the 
unexposed area-lQlb of the resist film 101, so that the oxide 
film 108 caxii.\i5^m^ji^:±owaT<l the inside of the resist film 101. 
As a resulty:;t^;6^<le film 108 can attain a large thickness. 

In additidrL>;.'since MTEOS is supplied to the resist film 
101 in thj^^J^fwith the relative humidity of 95% in the 
procedure shown in Figure 1(c), equilibrium of water can be 
retained so that the water having been adsorbed by the resist 
film 101 can be prevented from evaporating and that water can 
be supplied in a sufficient amount for the formation of the 
oxide film 108. As a result, the resultant oxide film 108 can 
attain a thickness sufficiently large for withstanding the RIE 
using 0 2 plasma. 

After the supply of MTEOS, the resist film 101 can be 
allowed to stand in vacuum so as to evaporate alcohol included 
in the oxide film 108. Thus, the flow of the oxide film 108 
can be avoided. 

In this manner, the resist film 101 of the resist material 
including an acidic group is subjected to the pattern exposure 
in this embodiment. In the exposed area 101a, a base is 
generated to neutralize the acidic property of the exposed area 
101a, and the oxide film 108 is selectively formed in the 
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unexposed area 101b alone, so as to be used in etching the 
resist film 101. Accordingly, it is possible to form the 
positive type fine-line resist pattern 110 having a 

satisfactory shape. 

Also, since water is forcedly adsorbed in the unexposed 
area 101b before forming the oxide film 108, the resultant 
oxide film 108 can attain a large thickness required for the 
dry development by the RIE using 0 2 plasma. 

In the resist material used in the first embodiment, the 
copolymer represented by Chemical Formula 7 includes styrene 
sulfonic acid as the acidic group. However, the acidic group 
is not limited to styrene sulfonic acid but can be any group 
having a strong acidic property and including a group 
represented by Chemical Formula 9. 

Chemical Formula 9: 



o=s=o 
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Furthermore, MTEOS is used as the metal alkoxide in this 
embodiment, but MTEOS can be replaced with any other metal 
alkoxide in a gas or liquid phase such as 
Si(OCH 3 ) 4 ( tetramethoxysilane) , Si ( OC 2 H 5 ) 4 ( tetraethoxysilane ) , 
Ti(OC 2 H,) 4 , Ge<OC 2 H 5 >4, Al(OC 2 H 3 ) 3 , and Zr(OC 2 H 5 ) 3 . 

Also, the dry development is effected by the RIE using 0 2 
plasma in this embodiment, but ECR (electron cyclotron 

32 



resonance etching) using 0 2 plasma is adoptable instead. 

Moreover, a light source for the exposure is the KrF 
excimer laser in this embodiment, but an i-line, an ArF excimer 
laser, EB , X-rays or the like can be used. 

Furthermore, in the procedure for diffusing water in the 
surface of the unexposed area 101b of the resist film 101 in 
this embodiment, the semiconductor substrate 100 is allowed to 
stand in the water vapor, but water in a liquid phase can be 
supplied to the resist film 101 on the semiconductor substrate 
100 instead. However, water can be more rapidly diffused and 
the thickness of the oxide film 108 can be more increased when 
the water is supplied in a gas phase than in a liquid phase", 
and hence, water is preferably supplied in a gas phase. 
( Embodiment 2 ) 

Figures 2(a) through 2(d) are sectional views for showing 
procedures of a pattern forming method of a second embodiment. 

As a resist material, a copolymer represented by Chemical 
Formula 10 dissolved in diglyme is used. 
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First, as is shown in Figure 2(a), similarly to the first 
embodiment, the resist material is spin-coated on a 
semiconductor substrate 200 of silicon; and the semiconductor 
substrate 200 is annealed at a temperature of 90 °C for 90 
seconds, thereby forming a resist film 201 with a thickness of 
1 urn. At this point, no peeling is observed, and the resultant 
resist film 201 has satisfactory adhesion. Then, by using a 
mask 203, the semiconductor substrate 200 is irradiated with a 
KrF excimer laser 204 , i.e., an energy beam, ** thereby 
transferring a pattern of the mask 203 onto the resist film 
201. In this manner, on the surface of an exposed area 201a of 
the resist film 201, 1 , 2, 3 , 4-tetrahydronaphthyridinenimino-p- 
styrene sulfonate (NISS) is dissolved to generate sulfonic 
acid. A reaction caused through the exposure of the resist 

34 



material Is shown as Chemical Formula 11. 
Chemical Formula 11: 
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An unexposed area 201b of the resist film 201 has a basic 
property owing to the function of an amino group in Chemical 
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Formula 10. On the other hand, in the exposed area 201a of the 
resist film 201, NISS in Chemical Formula 10 is dissolved into 
sulfonic acid having a strong acidic property, so that the 
basic property derived from the function of the amino group can 
be neutralized. In this case, since the unexposed area 201b 
has the strong basic property, water can be more easily 
adsorbed in the unexposed area 201b than in the exposed area 
201a having been neutralized. Specifically, since the 
unexposed area 201b includes the group having the strong basic 
property, a hydrogen bond with water is strengthened, and water 
can be easily adsorbed. In contrast, in the exposed area 201a, 
a hydrogen bond with water is weakened by the neutralization, 
and water cannot be easily adsorbed. 

Next, as is shown in Figure 2(b), the semiconductor 
substrate 200 is allowed to stand in air with a relative 
humidity of 95% at a temperature of 30'C for 30 minutes, 
thereby supplying water vapor 205 onto the surface of the 
resist film 201. m this manner, the water vapor 205 is 
adsorbed by the surface of the unexposed area 201b, which can 
easily adsorb water, and the adsorbed water is diffused into a 
deep portion, for example, at a depth of 100 nm from the 
surface of the unexposed area 201b of the resist film 201.' 
Since the exposed area 201a has been neutralized, water cannot 
be easily adsorbed. Thus, a water adsorbing layer 206 is 
selectively formed in the unexposed area 201b. 

Then, as is shown in Figure 2(c), while retaining the 
semiconductor substrate 200 in the air with the relative 

36 



humidity of 95% at a temperature of 3Q . C< vapQr 2Qy Qf 
■i.e., metal alkoxide, is sprayed onto the surface of the resist 
film 201 for 3 minutes, thereby selectively forming an oxide 
film 208 on the surface of the unexposed area 201b of the 
resist film 201. m this case, the base derived from the amino 
group works as a catalyst in the hydrolysis and dehydration of 
MTEOS, so that the oxide film 208 can be formed. Therefore, 
the oxide film 208 is formed merely in a portion where both the 
base serving as the catalyst and water are present. 

According to the second embodiment, in the exposed area 
201a of the resist film 201, since the amino group is 
neutralized by generated sulfonic acid and loses its function 
as the catalyst and water cannot be easily adsorbed, the oxide 
film cannot be formed. In contrast, in the unexposed area 201b 
of the resist film 201, the base serving as the catalyst is 
present and a sufficient amount of water has been adsorbed, the 
oxide film 208 can be formed. 

Then, as is shown in Figure 2(d), by using the oxide film 
208 as a mask, the RIE using 0 a plasma is effected, thereby 
forming a resist pattern 210. The RIE using 0j plasma is 
effected by using a parallel plate reactive ion etching system 
under conditions of a power of 900 W, a pressure of 0.7 Pa and 
a flow rate of 40 SCCM. 

In this embodiment, since the oxide film 208 is 
selectively formed in the unexposed area 201b alone to be used 
in the etching, the positive type resist pattern 210 having a 
vertical section can be formed in the unexposed area 201b. 

37 



Furthermore, since the water vapor 205 is supplied to the 
resist film 201 in the procedure shown in Figure 2(b), water is 
diffused into the deep portion from the surface of the 
unexposed area 201b of the resist film 201, so that the oxide 
film 208 can be grown toward the inside of the resist film 201. 
As a result, the oxide film 208 can attain a large thickness. 

In addition, since MTEOS is supplied to the resist film 
201 in the air with the relative humidity of 95% in the 
procedure shown in Figure 2(c), equilibrium of water can be 
retained so that the water having been adsorbed by the resist 
film 201 can be prevented from evaporating and that water can 
be supplied in a sufficient amount for the formation of the 
oxide film 208. As a result, the resultant oxide film 208 can 
attain a thickness sufficiently large for withstanding the RIE 
using 0 2 plasma. 

After the supply of MTEOS, the resist film 201 can be 
allowed to stand in vacuum so as to evaporate alcohol included 
in the oxide film 208. Thus, the flow of the oxide film 208 
can be avoided. 

In this manner, the resist film 201 of the resist material 
including a basic group is subjected to the pattern exposure in 
this embodiment. In the exposed area 201a, a strong acid is 
generated to neutralize the basic property of the exposed area 
201a, and the oxide film 208 is selectively formed in the 
unexposed area 201b alone, so as to be used in etching the 
resist film 201. Accordingly, it is possible to form the 
positive type fine-line resist pattern 210 having a 
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sa't'is factory shape. 

Also, since water is forcedly adsorbed in the unexposed 
area 201b before forming the oxide film 208, the resultant 
oxide film 208 can attain a large thickness required for the 
dry development by the RIE using 0 2 plasma. 

In the resist material used in the second embodiment, the 
copolymer represented by Chemical Formula 10 includes the amono 
group as the basic group. However, the basic group is not 
limited to the amino group but can be any group having a basic 
property. 

Furthermore, MTEOS is used as the metal alkoxide in this 
embodiment, but MTEOS can be replaced with any other metal 
alkoxide in a gas or liquid phase such as 
Si(OCH 3 ) 4 ( tetramethoxysilane) , Si(OC 2 H 5 ) 4 ( tetraethoxysilane ) , 
Ti(OC 2 H 5 ) 4 , Ge(0C 2 H 5 ) 4 , Al(OC 2 H 5 ) 3 , and Zr(OC 2 H 5 ) 3 . 

Also, the dry development is effected by the RIE using o 2 
plasma in this embodiment, but ECR (electron cyclotron 
resonance etching) using O z plasma is adoptable instead. 

Moreover, a light source for the exposure is the KrF 
excimer laser in this embodiment, but an i-line, an ArF excimer 
laser, EB, X-rays or the like can be used. 

Furthermore, in the procedure for diffusing water in the 
surface of the unexposed area 201b of the resist film 201 in 
this embodiment, the semiconductor substrate 200 is allowed to 
stand in the water vapor, but water in a liquid phase can be 
supplied to the resist film 201 on the semiconductor substrate 
200 instead. However, water can be more rapidly diffused and 
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'the thickness of the oxide film 20 a can be more increased when 
the water is supplied in a gas phase than in a liquid phase, 
and hence, water is preferably supplied in a gas phase. 

( Embodiment 3 ) 

Figures 3(a) through 3(c), 4(a) and 4(b) are sectional 
views for showing procedures of a pattern forming method of a 
third embodiment. 

As a resist material, a copolymer represented by Chemical 
Formula 12 dissolved in diglyme is used. A sulfonic acid 
generating group selectively generates sulfonic acid through 
irradiation with an ArF excimer laser, and an amine generating 
group selectively generates amine through irradiation with an 
i-line. 

Chemical Formula 12: 
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First, as is shown in Figure 3(a), similarly to the first 
embodiment, the resist material is spin-coated on a 
semiconductor substrate 300 of silicon, and the semiconductor 
substrate is annealed at a temperature of 90*0 for 90 seconds, 
thereby forming a resist film 301 with a thickness of 1 urn. At 
this point, no peeling is observed, and the resultant resist 
film 301 has satisfactory adhesion. Then, by using a mask 303, 
the semiconductor substrate 300 is irradiated with an ArF 
excimer laser 304, i.e., a first energy beam, thereby 
transferring a pattern of the mask 303 onto the resist film 
301. In this manner, on the surface of an exposed area 301a of 
the resist film 301, the sulfonic acid generating group is 
dissolved into sulfonic acid, and the exposed area 301a attains 
a strong acidic property. A reaction caused through the 
15 exposure of the resist material is shown as Chemical Formula 



10 



13. 



4^ 

41 



i 



Chemical Formula 13: 
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Next, as is shown in Figure 3(b), the entire surface of 
the resist film 301 is irradiated with an i-line 305, i.e., a 
second energy beam. In this manner, in the exposed area 301a 
where the pattern has been transferred through the irradiation 



is 



^th the ArF exci.er laser 304, anUne havin g a basic property 
is generated through the entire surface exposure with the i- 
Hn. 305 as is shown in a reactiQn fQrmuia ^ 

14. Thus, the acidic property of the exposed area 301a is 



neutralized. 
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. . ■ On the other hand, in an unexposed area 301b where the 
Pattern exposure has not been effected through the irradiation 
with ArF excimer laser 304, amine is generated on the surface 
of the resist film 301 through the entire surface exposure with 
the i-l ine 305 as is shown in a reaction formula of Chemical 
Formula 15, so that the unexposed area 301b attains a basic 
Property. At this point, since the unexposed area 301b has a 
strong basic property, water can be .ore easiiy adsorbed than 
ln thS e *P° sed area 301a having been neutralized. 
Chemical Formula 15: 
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Then, as is shown in Figure 3(c), the semiconductor 
substrate 300 is allowed to stand in air with a relative 
humidity of 95% at a temperature of 30 °C for 30 minutes, 
thereby supplying water vapor 307 onto the surface of the 
resist film 301. In this manner, the water vapor 307 is 
adsorbed by the surface of the unexposed area 301b which can 
easily adsorb water, and the adsorbed water is diffused into a 
deep portion, for example, at a depth of 100 nm from the 
surface of the unexposed area 301b of the resist film 301. 
Since the exposed area 301a is neutralized, water cannot be 
easily adsorbed. Thus, a water adsorbing layer 308 is 
selectively formed in the unexposed area 301b. 

Next, as is shown in Figure 4(a), while retaining the 
semiconductor substrate 300 in the air with the relative 
humidity of 95% at a temperature of 30°C, vapor 309 of MTEOS, 
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I.e., metal alkoxide, is sprayed onto the surface of the resist 
•film 301 for 3 minutes, thereby selectively forming an oxide 

film 310 on the surface of the unexposed area 301b. in this 
case, the base, the amino group, works as a catalyst in the 
hydrolysis and dehydration of MTEOS, so that the oxide film 310 
can be formed. Therefore, the oxide film 310 is formed merely 
in a portion where both the base working as the catalyst and 
water are present. 

According to the third embodiment, in the exposed area 
301a of the resist film 301, since amine is neutralized by 
generated sulfonic acid and loses its function as the catalyst 
and water cannot be easily adsorbed, the oxide film cannot be 
formed. On the other hand, in the unexposed area 301b of the 
resist film 301, since the base serving as the catalyst is 
present and a sufficient amount of water has been adsorbed, the 
oxide film 310 can be formed. 

Then, as is shown in Figure 4(b), by using the oxide film 
310 as a mask, the RIE using 0 2 plasma 311 is effected, thereby 
forming a resist: pattern 312. The RIE using 0 2 plasma is 
effected by using a parallel plate reactive ion etching system 
under conditions of a power of 900 W, a pressure of 0.7 Pa and 
a flow rate of 40 SCCM. 

In this embodiment, since the oxide film 310 is 
selectively formed in the unexposed area 301b alone to be used 
in the etching, the positive type resist pattern 312 having a 
vertical section can be formed in the unexposed area 301b. 

Furthermore, since the water vapor 307 is supplied to the 
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resist film 301 in the procedure shown in Figure 3(c), water is 
diffused into the deep portion from the surface of the 
unexposed area 301b of the resist film 301, so that the oxide 
film 310 can be grown toward the inside of the resist film 301. 
As a result, the oxide film 310 can attain a large thickness. 
In particular, since the base is generated merely on the 
surface of the resist film 301, the thickness of the water 
adsorbing layer 308 can be limited to a depth where the base is 
generated- As a result, water can be prevented from invading 
a portion below the exposed area 301a. 

In addition, since MTEOS is supplied to the resist film 
301 in the air with the relative humidity of 95% in the 
procedure shown in Figure 4(a), equilibrium of water can be 
retained so that the water having been adsorbed by the resist 
film 301 can be prevented from evaporating and that water can 
be supplied in a sufficient amount for the formation of the 
oxide film 310. As a result, the resultant oxide film 310 can 
attain a thickness sufficiently large for withstanding the RIE 
using 0 2 plasma. 

After the supply of MTEOS, the resist film 301 can be 
allowed to stand in vacuum so as to evaporate alcohol included 
in the oxide film 310. Thus, the flow of the oxide film 310 
can be avoided. 

In this manner, according to the method of this 
embodiment, after generating a strong acid in the exposed area 
301a through the pattern exposure using the first energy beam, 
a base is generated through the entire surface exposure using 
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the second energy beam having a different energy band from the 
first energy beam. Thus, the exposed area 301a of the pattern 
exposure is neutralized, while the unexposed area 301b of the 
pattern exposure attains the basic property. Therefore, the 
oxide film 310 can be selectively formed in the unexposed area 
301b of the pattern exposure, and the resist film 301 is etched 
by using the oxide film 310. As a result, it is possible to 
form the positive type fine-line resist pattern 312 having a 
satisfactory shape. 

Also, since water is forcedly adsorbed in the unexposed 
area 301b before forming the oxide film 310, the resultant 
oxide film 310 can attain a large thickness required for the 
dry development by the RIE using 0 2 plasma. 

Furthermore, MTEOS is used as the metal alkoxide in this 
embodiment, but MTEOS can be replaced with any other metal 
alkoxide in a gas or liquid phase such as 
Si( OCH 3 ) 4 ( tetramethoxysilane ) , Si( OC 2 H 5 ) 4 ( tetraethoxysilane ) , 
Ti(OC 2 H 5 ) 4 , Ge(OC 2 H,) 4 , Al(OC 2 H 5 ) 3 , and Zr(0C 2 H 5 ) 3 . 

Also, the dry development is effected by the RIE using 0 2 
plasma in this embodiment, but ECR (electron cyclotron 
resonance etching) using 0 2 plasma is adoptable instead. 

Furthermore, in the procedure for diffusing water in the 
surface of the unexposed area 301b of the resist film 301 in 
this embodiment, the semiconductor substrate 300 is allowed to 
stand in the water vapor, but water in a liquid phase can be 
supplied to the resist film 301 on the semiconductor substrate 
300 instead. However, water can be more rapidly diffused and 
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the thickness of the oxide film 310 can be more increased when 
'the water is supplied in a gas phase than in a liquid phase, 
and hence, water is preferably supplied in a gas phase. 

Alternatively, the effects to form a positive type fine- 
line resist pattern having a satisfactory shape of the third 
embodiment can also be attained as follows: A copolymer which 
can generate a base through irradiation with a first energy 
beam and an acid through irradiation with a second energy beam 
is used as a resist material. Through the irradiation with the 
first energy beam, a desired pattern is exposed so that the 
base is selectively generated in an exposed area. Then, 
through the irradiation of the entire surface with the second 
energy beam, the acid is generated on the entire surface of the 
resist film. Thus, the exposed area of the pattern exposure 
using the first energy beam is neutralized. Water vapor is 
then supplied to an unexposed area of the pattern exposure so 
that water can be adsorbed by the unexposed area. Then, both 
water vapor and alkoxysilane are supplied to the unexposed 
area, thereby forming an oxide film in the unexposed area. By 
using the oxide film, the resist film is etched, thereby 
forming a resist pattern. 

In the first through third embodiments, the copolymers 
represented by Chemical Formulas 7, 10 and 12 are used as the 
resist materials. However, for example, a group for generating 
sulfonic acid represented by any of Chemical Formulas 16 
through 21 can be used as the sulfonic acid generating group. 
Also, the sulfonic acid generating group can be appropriately 
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epl'aced ' with a group having a strong acidic 
Chemical Formula 16: 
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Chemical Formula 18: 
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Chemical Formula 20: 




Chemical Formula 21: 




Furthermore, as the amine generating group, for example, 
group for generating amine represented by any of Chemical 
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Formulas 22 through 27 can be used, and the amine generating 
group can be appropriately replaced with a group having a basic 
property. 
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Chemical Formula 23: 



c=o 

I 

o 

I 

N 

I 

c 




Chemical Formula 24: 



c=o 
o 

N 

II 

c 

/ \ 

CH 3 CH 3 
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Chemical Formula 25: 



C=0 

O 

N 

/ \ 

o=c c=o 

CH— CH 2 



Chemical Formula 26: 
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Chemical Formula 27: 



I 

c=o 

I 

o 




35> 

54 



' . . ■ Moreover, the ArF excimer laser is ^ a iight 

for the pattern exposure using the firgt energy ^ b ^ ^ 
ArF excimer laser can be replaced ^ ^^^^ a k ^ 

source for the entire surface ^ ^ ^ 

°eam, but the i_ line can be replaced ^ Qther ^^^^^ 

liflht: source having a different energy ^ ^ ^ ^ ^ 

flFSt Sner9y beam - In thiS m accordance with the klnd . 

of the first and second energy beams to he used, the sulfonic 
acid generating group or the group having an acidic property 
and the amine generating group or the group having a basic 
property can be appropriately selected. 

Furthermore, in the first through third embodiments the 
copolymers including the sulfonic acid generating group or the 
amine generating group are used, but the copolymer can be 
replaced with another ternary or higher- polymer obtained by 
further polymerizing any of the aforementioned binary polymers 
with a group represented by Chemical Formula 28 or 29. 
Chemical Formula 28: 



CH, 

CH r =c 

i . 

o-ch 3 



55 



chemical Formula 29 



CH|=C H 

C=0 
>=no I 

0-CH3 



CD 
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